Recent interest has focused on the role that inflammation may play in the development of prostate cancer and whether use of aspirin or other nonsteroidal antiinflammatory drugs (NSAIDs) affects risk. In a population-based case-control study designed to investigate the relation between these medications and prostate cancer risk, detailed exposure data were analyzed from 1,001 cases diagnosed with prostate cancer between January 1, 2002, and December 31, 2005, and 942 age-matched controls from King County, Washington. A significant 21% reduction in the risk of prostate cancer was observed among current users of aspirin compared with nonusers (95% confidence interval (CI): 0.65, 0.96). Long-term use of aspirin (>5 years: odds ratio ¼ 0.76, 95% CI: 0.61, 0.96) and daily use of low-dose aspirin (odds ratio ¼ 0.71, 95% CI: 0.56, 0.90) were also associated with decreased risk. There was no evidence that the association with aspirin use varied by disease aggressiveness, but there was effect modification (P interaction ¼ 0.02) with a genetic variant in prostaglandin-endoperoxide synthase 2 (PTGS2) (rs12042763). Prostate cancer risk was not related to use of either nonaspirin NSAIDs or acetaminophen. These results contribute further evidence that aspirin may have chemopreventive activity against prostate cancer and highlight the need for additional research.
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Prostate cancer is the most frequent noncutaneous cancer in men (1) , and discovery of modifiable determinants of risk could present an opportunity to prevent or delay the onset of this common disease. Established risk factors such as ancestry or family history are not modifiable, and the evidence for dietary and lifestyle risk factors is inconclusive (2) . However, in recent years the role of inflammation in cancer etiology has gained attention, and several studies have suggested that nonsteroidal antiinflammatory drugs (NSAIDs) may have chemopreventive activity (3) . Use of NSAIDs has been associated with a reduced risk of prostate cancer in some, but not all, studies (4) . Eight studies that evaluated aspirin use and prostate cancer reported 15%-55% reductions in risk (5) (6) (7) (8) (9) (10) (11) (12) , 2 studies found increases in risk (13, 14) , and 5 reported no association (15) (16) (17) (18) (19) .
Given the potential role of the inflammation pathway in the development of prostate cancer, a population-based case-control study was conducted to evaluate the effects of aspirin and other NSAID use on prostate cancer risk. The relation between use of these medications and clinical characteristics of prostate cancer was also explored. In addition, genetic variants in 2 cyclooxygenase genes (PTGS1, PTGS2) that may alter aspirin effects were examined.
with histologically confirmed prostate cancer between January 1, 2002, and December 31, 2005 , were ascertained from the Seattle-Puget Sound Surveillance, Epidemiology, and End Results (SEER) cancer registry. Of the 1,327 eligible patients identified, 1,001 (75.4%) were interviewed. The reasons for nonresponse were patient refusal (14.9%), patient was too ill or had other problems (2.6%), patient could not be located (2.3%), physician refusal to allow patient contact (1.8%), and patient died (1.7%) or moved (1.3%) before the interview could be conducted. DNA for genotyping was available for 827 (83%) interviewed cases.
Controls were Caucasian and African-American male residents of King County, Washington, who had never been diagnosed with prostate cancer. They were identified by using random digit telephone dialing (20) , recruited evenly throughout the ascertainment period for cases, and frequency matched to cases by age (5-year groups). Household census information was obtained for 81% of residences contacted. Of the 1,507 eligible men identified, 942 (62.5%) completed the interview. Reasons for nonparticipation included subject refusal (21.7%), the person providing household census data refused to allow contact of the eligible man (10.5%), language problem, moved, or was lost to follow-up (3.3%), illness (1.7%), or death (0.3%). DNA for genotyping was available for 787 (84%) interviewed controls.
In-person interviews conducted by trained male interviewers using a standardized questionnaire were completed by participants. Questions pertained to the time prior to the reference date, that is, the date of prostate cancer diagnosis for cases and, for controls, a preassigned random date that approximated the distribution of cases' diagnosis dates and included the following: demographic and lifestyle information, family history of cancer, medical history, use of selected medications, and prostate cancer screening history (prostate-specific antigen (PSA) and digital rectal examination). Clinical information on cases, including Gleason score, stage of disease, and PSA at diagnosis, was obtained from the cancer registry. The study was approved by the Fred Hutchinson Cancer Research Center Institutional Review Board, and written informed consent was obtained from all study participants. Genotyping was approved by the National Human Genome Research Institute Institutional Review Board.
Assessment of aspirin and other NSAID use
Lifetime use of aspirin and other NSAID medications was obtained, including ever use (i.e., use at least once per week for !3 months), type used (i.e., brand or generic name), duration of each episode of use (i.e., start and stop dates, age at start and stop, or total duration of use), and frequency of use (i.e., number of pills taken each time and number of times taken per day, week, month, or year). Current use was defined as use within the year prior to the reference date. Time since first or last use of aspirin or other NSAIDs was defined as the years elapsed from the date of first or last use, respectively, until the reference date. Total duration of aspirin or other NSAID use was calculated as the sum of nonoverlapping periods of use. Total duration of use of a specific medication, for example, low-dose aspirin, or of a specific pattern of use, for example, daily use, was calculated in a similar manner, but only periods of use corresponding to the exposure of interest were considered.
Genotyping
DNA isolated from peripheral blood was used for genotyping single nucleotide polymorphisms (SNPs) in PTGS2, selected to maximize coverage of genetic variation (r 2 > 0.80). Three nonsynonymous coding SNPs in PTGS1 were also selected. Genotyping was performed at the National Human Genome Research Institute, National Institutes of Health (E. A. O.'s laboratory), with the SNPlex system (Applied Biosystems, Foster City, California). Identification of the SNP allele was carried out with the Applied Biosystems 3730xl DNA analyzer, with GeneMapper software used for allele assignment (www.appliedbiosystems.com). Quality control included genotyping 84 blind duplicates, which showed 100% agreement for all SNPs. Four SNPs in PTGS2 (rs1119231, rs20417, rs2206593, rs2745557) with call rates less than 95% were excluded. The remaining 15 SNPs had greater than 98% completion levels and were in HardyWeinberg equilibrium in Caucasian controls (P > 0.05).
Statistical analyses
Odds ratios and 95% confidence intervals from unconditional logistic regression (21) were used to evaluate the association between prostate cancer and use of aspirin or other NSAIDs. Potential confounding factors that changed the risk estimates in relation to use of aspirin or other NSAIDs by 10% or more when added one at a time were incorporated in the final model. Potential confounders included race, smoking status, education, income, marital status, prostate cancer screening history (none, digital rectal examination only, PSA testing), and several indications and contraindications for use of NSAIDs. All regression models were adjusted for age at the reference date (5-year groups). Statistically significant associations were those with P < 0.05 (2-sided test). The goodness of fit of regression models was evaluated with the Hosmer-Lemeshow test. All statistical calculations were performed by using SAS, version 9.1.3, software (SAS Institute, Inc., Cary, North Carolina).
The association between use of aspirin and other NSAIDs and clinical characteristics of prostate cancer was examined by stratifying cases on the Gleason score ( 7 (3 þ 4) vs. !7 (4 þ 3)), stage (local vs. regional/distant), and a composite measure of disease aggressiveness (less aggressive: Gleason score 7 (3 þ 4) and localized stage and PSA level <20 ng/ mL vs. more aggressive: Gleason score !7 (4 þ 3) or regional or distant stage or PSA level !20 ng/mL). Polytomous regression was used to compare NSAID use in each group of cases with use in controls (22) . We also considered whether associations between NSAID use and prostate cancer risk differed according to genetic variants in PTGS1 or PTGS2 in Caucasian cases and controls. This was tested formally with a likelihood ratio test of the interaction term in a model with the main effects compared with the reduced model with main effects only. Compared with controls, cases were more likely to be African American, to report a first-degree family history of prostate cancer, and to have undergone PSA testing prior to the reference date (Table 1) . Cases and controls did not differ with respect to the other factors shown or PTGS1 or PTGS2 SNP genotypes (data not shown). With respect to the clinical characteristics of prostate cancer, almost a third of cases were classified as having more aggressive disease.
Among controls, 51.6% and 21.0% reported ever using aspirin or another NSAID, respectively. Table 2 presents the distribution of selected factors among controls by exposure status. Compared with nonusers, users were older and more likely to be Caucasian, to have higher income and educational levels, and to have undergone PSA screening. Users of aspirin/NSAIDs also tended to have lower plasma PSA values than did nonusers (P ¼ 0.04). No differences were observed with respect to family history of prostate cancer, body mass index, smoking status, or genotypes (data not shown). However, use was associated with an increased prevalence of several medical conditions, including hypertension, arthritis, heart attack, arrhythmia, congestive heart failure, migraines, and stroke.
Use of aspirin
Ever use of aspirin was associated with an 18% reduction in the relative risk of prostate cancer (odds ratio (OR) ¼ 0.82, 95% confidence interval (CI): 0.68, 0.99) ( Table 3) Current use of aspirin was associated with a 21% decrease in the risk of prostate cancer relative to nonusers (OR ¼ 0.79, 95% CI: 0.65, 0.96), although former users had no reduction in risk (OR ¼ 1.15, 95% CI: 0.74, 1.80). Longterm use of aspirin was also associated with a significant reduction in risk, with men who used aspirin for greater than 5 years having an odds ratio ¼ 0.76 (95% CI: 0.61, 0.96). There were no significant patterns of risk in relation to time since first or last use of aspirin. Because duration and recency of use were correlated, joint effects were evaluated. The strongest reduction in risk was in current users with greater than 5 years of use (OR ¼ 0.74, 95% CI: 0.58, 0.94); current users reporting 5 or fewer years of use had an odds ratio ¼ 0.85 (95% CI: 0.67, 1.08). The relative risk in former users did not differ from the null regardless of duration of use.
Use of nonaspirin NSAIDs
There were no associations between use of nonaspirin NSAIDs and prostate cancer risk (OR ¼ 1.05, 95% CI: 0.84, 1.32) ( Table 4) . Because the majority of nonaspirin NSAID use was for ibuprofen (controls, 50.5%; cases, 45.8%), this drug was examined separately; however, no association was found (OR ever use ¼ 0.94, 95% CI: 0.69, 1.27). In addition, there was no evidence of any relation to prostate cancer risk of using acetaminophen (OR ever use ¼ 
Clinical features of disease
No significant differences in risk estimates were observed when men with relatively less versus more aggressive disease were compared with controls (Table 5) . Daily low-dose aspirin use was associated with decreased odds ratios for both less and more aggressive prostate cancer. No associations were observed when use of NSAIDs other than aspirin was examined in cases stratified by clinical features compared with controls.
Effect modification by genetic variants in PTGS1 and PTGS2
The effects of aspirin on prostate cancer risk may be influenced by genetic polymorphisms within cyclooxygenase genes. To evaluate this possibility, we stratified Caucasian cases and controls who ever versus never used aspirin according to PTGS1 and PTGS2 SNP genotypes (Table 6 ). For comparison, the relative risk estimate associated with ever use of aspirin in Caucasian cases and controls with DNA, regardless of genotype, was 0.75 (95% CI: 0.61, 0.92); use of aspirin did not differ between subjects who did compared with those who did not have DNA available. Aspirin users homozygous for the major G allele at rs12042763 had a greater reduction in risk (OR ¼ 0.60) compared with users with any T allele (OR ¼ 0.86) when compared with nonusers (P interaction ¼ 0.02).
DISCUSSION
In this study, men who reported ever use of aspirin had a statistically significant 18% reduction in the relative risk of prostate cancer. Current users (defined as use within the year prior to the reference date: cases, 43.3%; controls, 47.7%) had a 21% reduction in risk, long-term users (>5 years' use) had a 24% decrease in risk, and users of daily low-dose aspirin had a 29% reduction in risk relative to nonusers. These risks did not vary substantially by disease aggressiveness. One SNP in PTGS2, rs12042763 located 2.3 kilobases 5# of the transcript start site, showed a statistically significant interaction with aspirin use. There was no relation between use of nonaspirin NSAIDs and prostate cancer risk.
Ever use of aspirin was previously examined in 2 casecontrol studies that reported significant reductions in prostate cancer risk, with odds ratios of 0.66 (95% CI: 0.51, 0.86) (12) and 0.84 (95% CI: 0.75, 0.96) (11) . In 3 other studies, reductions in risk ranged from 9%-24% but did not reach statistical significance (5, 10, 17) . A single study reported a significant increase in risk of prostate cancer (OR ¼ 1.33, 95% CI: 1.07, 1.64) for ever use of prescription-only aspirin and other NSAIDs (23) . Elevated, although nonsignificant, relative risks have also been reported by others (13, 14) . Only 2 prior studies (8, 10) evaluated current use, and both found reductions in risk, although the cohort study result did not reach significance (10) .
Several studies have considered duration of aspirin use (8, 10, 12, 14, 19) . Of the studies that detected a reduction in prostate cancer risk (8, 12) , only one (12) found a significant inverse association (for !6 pill-years: OR ¼ 0.54, 95% CI: 037, 0.78). The association in the study by García Rodríguez and González-Pérez (8), although not significant, was similar in magnitude to the one found in our study (for !4 years' aspirin use: OR ¼ 0.83). No relation with exposure duration was found in one prospective cohort study (for !1 years: relative risk ¼ 0.97, 95% CI: 0.65, 1.43), with a limited number of cases (n ¼ 50) (19) . The remaining studies reported nonsignificant increases in risk associated with prolonged aspirin use, with a relative risk ¼ 1.27 for 4 or more years' use (10) and an odds ratio ¼ 1.17 for 10 or more years' use (14) . In another case-control study (7) , current, long-term aspirin use determined from prescription records was associated with a significant reduction in risk compared with nonusers (OR daily use for 8 years ¼ 0.82, 95% CI: 0.71, 0.95).
Use of daily low-dose aspirin was associated with the lowest risk of prostate cancer in our study (OR ¼ 0.71, 95% CI: 0.56, 0.90), which is consistent with earlier reports (6, 8, 9, 18, (24) (25) (26) (27) . The strongest inverse associations between aspirin use and prostate cancer risk reported to date have been for daily low-dose aspirin use, with odds ratios of 0.34 (95% CI: 0.23, 0.58) (24) and 0.37 (95% CI: 0.22, 0.62) (26) . Although both studies considered use of aspirin and other NSAIDs jointly, 88% of users in the study by Roberts et al. (26) were aspirin users. Men who take aspirin daily may be more likely to use low-dose aspirin, which could be Abbreviation: CI, confidence interval. a The number of cases and controls varies because of missing information: 1 case who did not know whether or not he had ever used aspirin was excluded from all analyses; and 1 case and 2 controls who reported using aspirin but did not know for how long and 2 cases and 1 control who reported ever use of aspirin but did not know when the period of use began were also excluded from specific analyses.
b Adjusted for age at reference date. c Adjusted for age at reference date, race, and prostate cancer screening within 5 years before reference date. d ''Ever use'' was defined as use of aspirin at least once per week for a period of 3 months or longer. e ''Low-dose aspirin'' refers to a formulation containing 81 mg of aspirin. f ''Current use'' is defined as use within the year before reference date.
important in terms of biologic mechanisms. In a recent randomized trial, lipid molecules that promote the resolution phase of inflammation were synthesized in response to lowdose aspirin (28), but no significant effect was detected at higher doses (29) . Among studies that have evaluated nonaspirin NSAID use, results have been conflicting (5, (7) (8) (9) (10) (11) (12) 19) . Ever use of nonaspirin NSAIDs was associated with significant 29% (11) and 21% (12) reductions in the relative risk of prostate cancer and of advanced prostate cancer. In contrast, 2 studies using pharmacy databases to define exposure reported borderline significant 14%-20% increases in risk associated with current use compared with never use (7, 8) .
In summary, the majority of studies including our own observed a lower risk of prostate cancer in relation to current use and daily low-dose aspirin use. Similar, although less consistent, results have been noted when duration of aspirin use was examined. However, the data are less consistent for use of nonaspirin NSAIDs. The differing results across studies of aspirin or other NSAIDs may be due to differences in exposure measurement (e.g., assessment of duration, dose, frequency), study design and methodology (e.g., interviews vs. pharmacy databases to define exposure), populations (e.g., differences in the prevalence of aspirin/NSAID use), and/or study power.
Results from experimental studies support a beneficial role of aspirin/NSAIDs against prostate carcinogenesis, as they show that these agents inhibit cell proliferation, induce apoptosis, and decrease metastasis (30) . The anticancer effects of aspirin and other NSAIDs are thought to occur primarily through their direct inhibition of PTGS1 and PTGS2 enzymes. Through their inhibition of these enzymes, aspirin/NSAIDs block the synthesis of proinflammatory prostaglandins (31) (32) (33) . Historically, only PTGS2 was thought to be involved in the process of inflammation; however, there is evidence of a role for PTGS1 in both inflammation and carcinogenesis (34) (35) (36) (37) . Given the importance of PTGS1 and PTGS2 to the pharmacology of these medications, genetic polymorphisms of these genes might modify the effects of aspirin or other NSAIDs on cancer risk (38, 39) . Some reports also indicate that such polymorphisms may alter prostate cancer risk (40, 41) , but this has not been consistent (42) . Interestingly, the highest level of PTGS2 protein in the body is in the prostate (43), with even higher levels in neoplastic prostate tissue (44) . Several strengths and limitations should be considered when interpreting these results. Strengths of our study include its size and the fact that it was designed to test the association between use of aspirin and other NSAIDs in relation to risk of prostate cancer. Concerns relate to potential selection, detection, or recall bias. The 62.5% participation level among controls raises the possibility that men who completed the interview may have differed from those who did not with respect to use of aspirin/NSAIDs. If interviewed controls were more likely to use aspirin than controls who did not participate, this would have led to an overestimate of the inverse association we observed. However, the 52% prevalence of aspirin use observed in our controls is similar to that of other population-based studies (10, 16) . Potential detection bias may arise if the likelihood Abbreviations: CI, confidence interval; Cox-2, cyclooxygenase 2; NSAID, nonsteroidal antiinflammatory drug; PSA, prostate-specific antigen. a Less aggressive ¼ Gleason score 7 (3 þ 4), local stage, and PSA <20 ng/mL; more aggressive ¼ Gleason score !7 (4 þ 3) or regional/ distant stage or PSA !20 ng/mL at diagnosis.
b Adjusted for age at reference date, race, and prostate cancer screening within 5 years before reference date. c For controls, less aggressive cases, and more aggressive cases, the respective totals were as follows: n ¼ 942, n ¼ 685, and n ¼ 315. d For controls, less aggressive cases, and more aggressive cases, the respective totals were as follows: n ¼ 941, n ¼ 683, and n ¼ 315. of being diagnosed with prostate cancer is related to aspirin/ NSAID use. In this study, control men who used NSAIDs were significantly more likely to have undergone prostate cancer screening compared with nonusers (Table 2) , so results were adjusted for screening history. Finally, if recall bias resulted in controls underreporting aspirin use, then the reduced relative risk that we observed may be an underestimate of the potential beneficial effects of aspirin against prostate cancer.
In conclusion, the significant inverse association between prostate cancer risk and use of aspirin that we observed provides additional support for the role of inflammation in the development of this cancer. Because aspirin toxicity appears to be dose related (45) , the consistent reduction in risk observed among daily low-dose users in this and other studies bears directly on the future potential of aspirin in cancer prevention. If aspirin delays the onset or progression of prostate cancer through its antiinflammatory activities, this may offer another agent to be tested in prevention trials. Aspirin is a widely used and inexpensive medication, and the potential public health implications of an effective chemopreventive agent for prostate cancer are considerable. Thus, further exploration of this medication in relation to prostate cancer prevention is warranted.
